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3We do not inherit the Earth from our 
ancestors, we borrow it from our children
- Native American Proverb
- Haida Indian Saying 
4Over the 50-year development of the 
global space program – all spacefaring 
nations have contributed to the growing 
challenge of potential collisions between 
operational missions and orbital debris   
Images courtesy NASA Orbital Debris Program Office
5Early Days
6NASA/GSFC Orbital Debris Workshop
(March 2002)
• NASA Policy to Limit Orbital 
Debris Generation
• Case Studies:
– CGRO Controlled Reentry (May-June 2000)
– Landsat-4 Decommissioning (May-June 2001)
– TRMM Orbit Raise (August 2001)
– EP/EUVE Reentry (January 31, 2002)
• Landsat-7 Conjunction Assessment 
Study (January 2002)
– Multiple conjunctions per day
– Begin working to establish procedures 
for ongoing support
The Good, the Bad and the Ugly
(Who to credit – or blame depending on your perspective)
• Good: CGRO De-orbit & TRMM Re-boost
̶ Well coordinated from and interagency perspective
̶ DOD/NASA (GSFC and JSC/HSF) 
• Bad: Landsat-4
̶ Not well coordinated at an interagency level
̶ Flipped spacecraft over and depleted the propellant 
• Ugly: EP/EUVE Reentry
̶ Couldn’t then/can’t now predict the date, time and 
location of reentry with any real accuracy
̶ METRIC: Average error at T minus 2-hours is +/- 26-minutes
̶ Uncontrolled reentry over the mid-east in January 2002
̶ Midnight notification of Presidential Chief of Staff
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8Early Days – 2002
(EOS Aqua launch May 4, 2002) 
Screened ascent maneuvers for EOS Aqua 
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Early Days – 2004 
(EOS Aura and PARASOL launches)
Screened ascent maneuvers for both missions 
May 2004: NASA request to US Department of 
Defense to establish routine conjunction 
assessment process for NASA robotic missions  
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Routine Conjunction Assessment 
2005 Screening Build-up
Early EOS Conjunction Assessment Experience
(2005 – CARA began logging HIEs in May)
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Terra (5), Aqua (9), Aura (6) – TOTAL 20 
CREDIT: NASA Robotic Mission CARA Team 
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Early Conjunction Assessment Statistics
(First half of 2005)
About 11 conjunctions per week per mission 
CREDIT: NASA Robotic Mission CARA Team 
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EOS 
Debris Avoidance
Maneuvers
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• 1st NASA Robotic Mission Debris 
Avoidance Maneuver (DAM)
– October 21, 2005
– Peak Pc of about 1:12
– Minimum miss distance about         
37 meters
– Mitigated by 2.7 second mini-drag 
make-up maneuver
– Burn at TCA minus 48-hours
– Miss Distance  about 4.5 km 
– Pc  0
EOS Terra vs. 14222 (SCOUT G-1 Debris) 
Debris Avoidance Maneuver
Reference: Lauri Newman and Matt Duncan, AIAA 2006-6291 
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1st NASA Robotic Mission Debris 
Avoidance Maneuver (DAM)
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Early EOS Conjunction Assessment Experience
(2006 and 2007)
Terra (5), Aqua (5), Aura (5) – TOTAL 15 
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Images courtesy NASA Orbital Debris Program Office
FENGYUN 1C DEBRIS March 2007
Chinese ASAT Destruction of Fengyun-1C 
(January 11, 2007)
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EOS Terra vs 31410 (Fengyun-1C Debris) 
Debris Avoidance Maneuver 
• 2nd EOS Terra Debris Avoidance Maneuver (DAM) 
– June 22, 2007
– Peak Pc of about 1:6
– Minimum miss distance about 19 meters
– Mitigated by 1.35 second mini-drag make-up maneuver 
– Burn at TCA minus 24-hours
– Miss distance  about 1.2 km
– Pc  0
• 1st NASA Robotic Mission DAM vs. Fengyun-1C Debris 
CREDIT: NASA Robotic Mission CARA Team 
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• 1st EOS Aura DAM 
– June 26, 2008
– Peak Pc of about 1:2
– Minimum miss distance about                
11 meters (half the size of Aura)
– Mitigated by 2.0 second mini-drag  
make-up maneuver 
– Burn at TCA minus 24-hours
– Miss distance  about 500 meters 
– Pc  0
EOS Aura vs. 01399 (TRIAD 1 Debris) 
Debris Avoidance Maneuver 
Reference: Ryan C. Frigm, Joshua A. Levi, Dimitrios C. Mantziaras , AIAA 2010-1926 
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• 1st EOS Aqua DAM
– November 25, 2009
– Peak Pc of about 1:14  
– Minimum miss distance of about 25 meters
– Mitigated by 1.25 sec mini-drag make-up maneuver 
– Burn at TCA minus 24-hours
– Miss Distance  about 560 meters 
– Pc  0
EOS Aqua vs. 30420 (Fengyun 1C Debris) 
Debris Avoidance Maneuver 
CREDIT: NASA Robotic Mission CARA Team 
Maneuver options limited due to routine drag make 
up maneuver performed 8-days prior to TCA 
EOS Aura and Shijian (SJ)-11-02 satellite
Conjunction with active satellite
• On September 3, 2013, there was a predicted 
close approach between the EOS Aura 
satellite and the Shijian (SJ)-11-02 satellite. 
• Second in a series of SJ-11 satellites 
launched by China into an orbit very similar 
to that of the Morning and Afternoon 
Constellations.
• Aura flight controllers prepared a RMM to 
avoid the close approach.  They did not 
know whether SJ-11-02 was capable of 
maneuvering.
• A request was sent through the US State 
Department to its Chinese counterpart to let 
their space agency know of NASA's planned 
maneuver. 
• Both satellites maneuvered within hours of each other. 
• Fortunately, the 2 maneuvers mitigated the risk.   
• Example of the need to improve communication with non-constellation satellites.24
CREDIT: EOS Flight Dynamics Team 
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EOS Debris Avoidance and Risk Mitigation 
Maneuvers (DAMs & RMMs) 2005-2014
CREDIT: NASA Robotic Mission CARA Team 
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EOS Maneuvers Postponed or Re-planned
(2005 – 2014)
As much or more effort as RMMs/DAMs 
CREDIT: NASA Robotic Mission CARA Team 
EOS Debris Avoidance Activities
(January 2011 – April 2015)
CREDIT: CARA Team & Eric Moyer 27
Debris Avoidance Related Maneuver (DARM)
• Maneuver planned and executed
• Planned maneuver postponed  
2010: 17 HIEs – 2 DARMs – 4 required significant effort 
2011: 85 HIEs – 9 DARMs – 16 required significant effort 
2012: 72 HIEs – 4 DARMs – 9 HIEs required significant effort 
2013: 81 HIEs – 13 DARMs – 31 HIEs required significant effort 
• 3 “Surprise” HIEs requiring emergency/short-notice DAMs  (Terra 1, Aqua 2)
• First HIE with operational Chinese satellite (Aura maneuvered on 9/2/2013)
• 5 Routine maneuvers postponed and/or rescheduled (0 Terra, 2 Aqua and 3 Aura)
• 24 DAMs planned, 10 executed, 14 self-mitigated or approved and waived-off
2014: 91 HIEs – 10 DARMs  – 36 HIEs required significant effort 
• 1  “Surprise” HIEs requiring emergency/short-notice DAMs  (Aqua on 10/21)
• 6 Routine maneuvers postponed and/or rescheduled (3 Terra, 2 Aqua and 1 Aura)
• 35 DAMs planned, 6 executed, 29 self-mitigated or approved and waived-off (2)
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EOS High Interest Events (HIEs)
(2010 – 2014)
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EOS Aqua Conjunction Assessment Statistics
(January 2005 to March 2015)
CREDIT: CARA Team & Ryan Frigm
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A-Train
Systematic
Conjunctions
A-Train
Afternoon Constellation 
Systematic Conjunctions
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Situation is 
similar near the 
South Pole 
crossings
Landsat 5 Crossing through the 
Afternoon Constellation (A-Train)
(Start slide show to view animation)
32CREDIT: Warren Case, ESMO Project Support Team  
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Landsat-5 Conjunctions with the A-Train
(Afternoon Constellation)
• The Morning Constellation and Afternoon 
Constellation satellites follow similar 705 km 
polar sun-synchronous orbits.
• Orbit planes intersect near the poles.
• In February 2010, monitoring results indicated 
that Landsat-5 was crossing through the orbit 
plane intersections at the poles between CloudSat 
and CALIPSO.
• Further investigation revealed that Landsat-5 
had “passed’ through the Afternoon Constellation 
in 2004 and 2008.
• NASA formed a “Red Team” in March 2010 to 
analyze the situation and determine the best 
courses of action to minimize risks while 
continuing to meet mission requirements.
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Landsat-5/A-Train Orbit 
Crossing Coordination Plan 
(Red Team)
Independent Review of the CA 
Process for NASA Robotic Assets 
(Tiger Team)
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AAS/AIAA Astrodynamics 
Specialist Conference
Girdwood, Alaska
August 2011
Session 15
Satellite Constellations
AIAA Space Ops 2012
12th International Conference on 
Space Operations
Stockholm, Sweden
June 2012
AIAA 2012-1274816
CloudSat under-flight of Aqua in 2011
• 4/17 CloudSat battery anomaly
– CloudSat unable to maneuver and 
drifting towards Aqua 
– predicted to pass under Aqua around 
June 9-13th
• Weekly coordination meetings
• Postponed 5/19 Aqua DMUM
– Aqua would drift towards CloudSat
• Considered multiple maneuver 
options to maximize radial 
separation at the time of the passing
• 6/5 Aqua +10km CB violation
• 6/8 Aqua DMUM (part 1)
• 6/18 CloudSat orbit lowering
• 6/18 CloudSat passes under Aqua
• 6/22 Aqua DMUM (part 2)
36CREDIT: EOS Flight Dynamics Team 
SAC-C crossing the Afternoon Constellation
(A-Train)
• May 2011: SAC-C 
anomaly left spacecraft 
unable to maneuver
– Declared lost August 2013
– Safely crossed all Earth 
Science Constellation member 
satellites in 2013/2014
37CREDIT: EOS Flight Dynamics Team 
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Future
Challenges
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Debris Population Projected to get Worse
Note: Five-fold increase from 2005 to 2010
CREDIT: NASA/JSC Orbital Debris Program Office
Note: Predicted to get slightly worse thru 2020
40
Updated Space Fence
(200 – 250K Object Space Catalog)
CREDIT: Lockheed Martin 
Initial Operational Capability scheduled for 2017 
41CREDIT: Lockheed Martin 
You Know you’re a Space Fence Junkie – IF 
EOS Challenges Encountered
• Relatively short time frame to work the predicted close 
approaches 
– Dynamically changing
– Often considerable uncertainties 
• Spacecraft Constraints limit options (i.e. no retrograde 
maneuvers)
• Mission Orbit Maintenance and Constellation Flying 
Requirements that limit response
• Operational Constraints that determine minimum turn-
around time
• Limited Resources
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EOS Observations and/or Lessons Learned
• Risk of an on-orbit collision between an operational 
mission and a piece of orbital debris is increasing
• Things will get worse before they get better
• Close approaches occur all the time
• Need to be able to plan and execute on short notice
– Mission Operations Paradigm Shift –
From monitoring Mission Health and Safety to 
Mission Protection & Preservation of orbital environment
* A risk to one is a risk to all *
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Earth Science Mission Operations Orbital Safety
(2014)
http://satellitesafety.gsfc.nasa.gov/ 
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Advanced Maui Optical and Space Surveillance Technologies 
Conference – September 9-12, 2014
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Thank you for your time
Do you believe ?
“For those who believe, no explanation 
is necessary; for those who do not 
believe, no explanation is possible.”
-1943 film “The Song of Bernadette”
Merci bien
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Questions
